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0117 measure were needed to be compatible with industrial methods 
ewe aE fò provide uniform organization of components. new 
design methods evolved using a standard module throughout the 
entire building organization and design. 

The standardization of building components was primarily 
a matter of dimension. Form and size based on a standard module 
were the first considerations to achieve standard components and 
regular interfitting relationships anc tolerances. 
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field erection by minimizing on site construction time. The 
benefits of industrialization provides for increased design 
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Industrialized bu:lding has come to mean the use of mechanized 
production line techniques and processes to design and manufacture 
building components. Industrialization of building encompasses 
che entire construction process from the plannireg and seca 
stage to its manufacture and assembly. Assembly line procedures 
merely provide the means for systematic building process by making 
possible standardized, mass produced components wiEn prec man 
conformance to necessary tolerances.  .odern sophisticarion of 
materials and methods has further evolved the art and science ot 
iudustr.alized building. Systems building or pretabrivcee vane. 
the result of industrialization. Prefabrication merely indicate 
a shifting of work from the building site to the factory wan لا(‎ 
however, a system type of building process. It 15 ۳٥6٣13 Mm 
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of the module is determined by practical cónsiderations of 
moterials Hun uDe. transport, assemblage and planning. The 
Sand an aeo د1‎ 028575۵1 most practical during the warly inception 
of nodular desien rationalization was a 4" (10 centimeters) cube 
BESE OC TES nominal capacity as a most common divisor of the 
wood frame um! This unit of measure standardized measurements 
in ai1 ENE mS Gi lenin, width and height. It is imperative, 
nowswereeaMEUuPNSPandard unit of measure be desizned according 
ED units Bi measure compatibie with standard units of measure 

for material dimensions. The standard 4' module developed in the 
inrancy of modular design is still considered the standard design 


module followed both in the United States and abroad alike. 
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The efforts to standardize the design and manufacture of 
building Components using a modular system of organiza’.ion 
provided the essential elements for modernization of the housing 
industry through mechanized assembly line procedures. Standard- 
izaetOnmamen coordination of components facilitated not only the 
manufacture of building components but also minimized waste in 
terms of time ànd materials. Also, industrial methods provided 
a uniform standard of quality both in design and construction 
Holwmpac c Aaceiracy of the industrialized buildin2 process 
provided for: elimination of waste and quesswork, continuity 
975 217-15 2-2-72 Uniformity of fabrication, and increased quality 
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panel system 


* skeletal frame svstem 
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cellular or box system 

These categories can be further broken down into more 
detail, delineating the material composition of the system itself. 
Each will be discussed further. 

Industrialized systems building incorporates a tota! ٠.٦ 
tion of all subsystems and components into an overall design 
process fully utilizing industrialized production, transpot e 


ard assembly techniques. This integration is achieved using tne 


underlying organizational principles of modular 0 onn 
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The Module: 

For the most part, modular systems and designs are employed 
within all industrialized building systems. Modular coordi na اد‎ 
is a system devised to coerdinate the sizes of factory made 
building parts, with the designs of buildings. The modular 6ة‎ 
is merely a planning device regulating the design and construct 5+ 
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The Building Component: 


dhe position of the building Components 
amd within the—bujlddng icself. 


the exact dimensions of each building 


The various parts or subsystems of a system called components 


can be developed in many ways. A component can attain the highest 


degree of completion at the factory including surface treatments, 


furnishings and integration of utilities and systems. The 
industry recognizes five basic categories of components: 
! G@iiipoments with purely sw piprting functions. 
zx onponentsowith a purely space-partitioning fumetiom. 
3. Componentsethatsunaee supporting and partitioning 
ت507‎ ۲۰693. 
4. Components that in cell form constitute entire spatial 
mics., 
5. Special components (i.e. stairway elements. 


mechanical elements, 
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ot component design. 


Oreanizatüeonal Sierut ume : insures steady production and assures 


desired components are on hand (i.e. Component Caca uae 


codificatiom tables, assembly iñ stf uct ions). 


Technical Structure: provides for thé opérational fam trann 
the system. This insures that all components correspond and that 
assembly can proceed without complications. MT[Inis structure age 


provides tnat the climate requirements are met. 
The Planning Struxture: insures the Overall plag is ae an 
dance with the needs of the user and intent of the des <٦ Ig 
insures that the various connection elements or differing 
functions are coordinated on a planned system and fit together. 
Ihese various planning structures provided by the designer 
for use by the user insure coordination among components and 
effectively communicates to the user the assembly procedures and 
requirements. They are used throughout the industry within an 


current industrialized building conce ٤ 
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Dhere uno ule technoloeoy applicable to al? buiidins 
Situations. There are mamy traditional m@thods of construction 
eed on struc cural principles, materials and methods of 
Environmental control. Industrialization streamlines the build- 
iue proéé$$ into an efficient organization that combines nodular 
ieston practices and shop fabricated components with orderly 
site assembly. The first step in a systematic design approach 
E ت۱‎ 6700607۰9٦6 ت9ج‎ ۶1۲5٢۲ consider the available building 
technologies available to the designer. The attributes of each 
then should be compared with the user needs to deternine ۹ 
best possible system. The following section provides an overview 
Mutoscumpentebusiding technologies and approaches which offer 
motenciralM on portable, lichtwei2hnt building systems. 

The following categories of building approaches are examined: 

Prefabricated Systems 
Panel Systems 
Skeletal Frame 
Celular or oxroys tems 
Pieces cor opecial Construction 
Mobile Homes 
Tensile Structures 
Pneumatic Systems 
Site Constructed Systems 


Spray-on Systems 
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Available industrialized systems provide a wile ranze ot 


variations in teras of materials. concepts and tle DTE 


components. The attributes of each are general aspeats ot the 
system and are not necessarily limitations of the svstea- lon 
cations to each can changé their capabtlictves. ٧11د‎ 91 an 


is based on the following facts: 

l. These approaches are not mutually exclusive ner proc Ennis 

various mixtures of industrialized processes and or traadi- 

tional methods. Concepts can be inclusive and combined to 
achieve the utmo.,t in design oracticavility and ۵! لل‎ 
in resolving the designer's spe_ific problems. 

2. The discovery aná implementation of new design methods 

brought on Dy current material technology create greater 

possibilities for each system because of increased 
structural amd material erficiencies? 

3. Integration of the above elements can create new 

possibilities tor concepts, component designs and connec aan 

details. 

For these reasons, no one system is considered optimum or 
applicable for all condicions: Rather, the required systems 
performance attributes dictates the selection and necessary 
modifications of the systems concept. 

To determine whether one can take full advantage and use 
of available and potential technolo21es, it is Vitale hee 


technologies are considered and that they are examined tor temm 
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O. ERG Geo ugemer and tne neeas of the user. 
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Industrialized or svstems buildin2 concepis nre MU‏ 


Classified into four categories: panel. skeletal iT M 


cellular systems and combinations SPI 

Pynel Svstezs gre flat paneis navine he size In A LZ I 
Sections, serving simultaneous!y as spatial partitions and 
supporting sro Turer 

Skeletal Frame Svstems are svai"e-s which spatial partitis 
and supporting functions are? 135siznèd two different roun n 
elements. The supporting functions are allotted to a ske Memmi 
trame whose perimeters are closed up with non-SsudpOrt1 igo ame 
This system provides greater flexibility ot arrangement e4g ee 
smaller number of dirferent units than a panel systen w aw 
joints, however, are usually required than the panel or box 
systems. 

Cellular or Box Svstezs are fixed volume en-losures 9 0. 
dimensions. They serve both to enclose volumes and carry toques 
TheSe svstems strive for the fullest possible incorporations 
utilities ani tinishes to proviic a cozplete. reacs dM 


- 


P.eces or Scecial Coastruction Svstems represent hybrid Cos 








cions of smaller units of panels, columns, beams and floor san 
assembled at the site to provide the structure into which are 
inserted non-structural panels or field fabricated pare nan 
aS mmrt:tuons. 

Eich approach represents @ vasimation of the 1188111 


building process, as such each has comparative advantages and 
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n Generilly, the. more coamplete the Ewsten, 2 I 
ng Swa ns, gene) less 1191٥56 in arrangement a and variable 
m clu DneubouwEdesiom inmervelomocmut lize foidinme elements 
capable of expanding room volumes. There are many variations of 
Phesewvanlouseenemes but their Characteristics generally remain 


the same throughout various modifications. 
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This concept provides for the most complete site ready 


System. They are further categcrized by their deeree of self 
containment and support functions. These two categories ar^ as 
Dodlduows- 

A. Lightweight units or mobile home types: Generally 


Che are COOL Sell contained housing units which 
cone theirimobility or رت په‎ can be permanently 
ois ear ed o Culp non orestackane vith Che addition 
of a separate independent demountable frame. n most 
cases this so called mobile home concept provides for 
completely preassembled and furnished building volume 
amdMMEmuETeswonly on site utility connections for 
2۶ء6‎ 738.6 

B. Heavyweight or volumetric components: These room 
size volumes are capable of being grouped horizontally 


aD cUuncallbpgcked directly to form a variety of 


muitiliving arrangements. This arrangement for direct 


mme tme EP TU 


bearing loads is 3128de possible bv tne Shell 1 لل لل‎ 

of concrete, steel sandwich or trames, and or stressed 
skinned construétion capable of ¢arrying and transeérring 
axial and bending loads. In some cases, these volumes 

can be incorporated into traditional structura mec m m 
space grids for highrise capability or can Deus weer wan 
checkerboard design, eliminating and avoiding a double 
wailed, six sided structure. Such double walled construction 
is not an economical use of materials due to repetition 

of load bearing elements. The aterioutes on mons = 


concepts are: 


ADVANTAGES 
SCRE SU LES DEF IND ie 
Completeness Provides the highest degree of a site ready 


to use living habitat. Units afe finished 


and ready for occupancy. 


Integrated Mechanical systems and subsystems, lighting 
and utility distribution are integrated sage 


coordinated witheteach modúl: 


Assenbly Site assembly is minimal. Units ne@d only E 


be erected and joined. 


Joints Minimal use of joints provicimne anon 


degree of weather integrity. 
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AI isi A Gè CONTI:UED 
ae) BLES DER TO 
Simple Thé concept is simple and scrarshtforwamrd. 


Units ure preassembled and require only 


interconnection at tne si ter 


DISADVANTAGES 


Adye BUILES Pee ۶۶ ۳٣ 
Transportable Momoelithie units are reStricted in travel 


capacity due to their weight and large 
volumes. Systems of this type are more 


957۶۳۰۲٥٥۹۰16 60.176. 


Erection Specialized lifting equipment is required 
to lift and maneuver units. Weight of 


units precludes man-handling of units. 


7168 39 ۶ Systems of this type are usually considered 
"closed" systems because of their difficult, 
if not impossible ability to mass volumes in 
differing ways. Volumes are generally 


fixed or limited. 


Interchange- Cellular units are generally of a complete 
30 of MOMOtichtouconstruction precluding inter- 
Components change of system components if damaged. 
سس ےش ےم‎ MÀ MÀ MÀ M MÀ HÀ Pto rm بد دولغع هوو علق جم‎ FAN 
سس کے‎ 8 


ENSE 

This type of svstem utilizes l3rs2e ilat paneli لل رر‎ 
often large enough to constitute entire wall, roof or f.vor 
sections which when site assembled form a building volume. 
Panel systems are shop fabricated and field assembled and affords 
the designer a variety of ۱٣٦ They 9+۶۶٦ 
have load bearing capacity and come in a variety and range oi 
materials such as concrete termed "heavyweight" systens, to light- 
weight stress skinned sandwich construction. The characteristics 
of such a system vary greatly from those of cellular construct fame 


These characteristics or attribue qr Masc OM 


ADVANTAGES 
A ER ۷000 7 5 DEFINITION 
Transportable Systems of this type are less bulky and 


lighter, allowing for easier transport and 


containment. 


Liehtwerolt P 1els are generally lightweight, affording 


e2sy and manageable handling. 


Interchangeable Units are highly standardized and modular 
affording a high degree of replacement for 


repair and replacement. 
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Integration 


Joints 


Site Erection 


Simplicity 
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DES ENT TION 

Systems vot this type depending on thelr 
Nines ad CESED. cam be highly flexible 
and allow a variety of arrangements and 


volumes. 


DISADVANTAGES 
0 ) 089 
Panels are not complete, ready to live in 
assenblies. They require assemblage. 
Systems and utilities usually must be 
installed after assemblage of the component 


system. 
د‎ 21۱0۱1 ۹٣٢ otl Bioiats result, possibly 
impacting its weather integrity. Component 


5 د‎ 172 1152 11-2 must be -losely controlled. 


à considerable amount of sit? assenblaa2» 


time is required. 


System iS Done Complex bhan a fixed volume. 


Expertise is required for assemblage. 


——— —À EH ہے‎ 


Skeletal Frame Svstems or Pieces 

This system utilizes smaller units and components rather 
than 'arge panels. <A skeletal or primary frame system consists 
of columns and beams, capable of carrying axial and torsional 
loads which are assembled at the site.  Nonstructural panels 


capable of being inserted within enis frame are دل ادن تو‎ 





provide additional support and loading capability. [ne object 
of such a system generally are to afford greater flexibility and 
arrangements with fewer and smaller units to provide a simpler 
and lighter system requiring limited erection equipment and to 
design small enough components to be handled bv man power alone. 


The attributes of such a design concept are asd Po MEOS 


ADVANTAGES 
ف ة+ۃ77885 ھ‎ DEETNI TEON 
plex Dl ey Smaller components provide rhe greatest 


variety of arrangements and inrterior voiumes. 


Hand. ane Smaller comporents rovide easy erection ant 
^ 4 
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to inherent liehtness 23€ ۹۹۹ ۹ ٣ 


1D 


handling. 


Transport Components are easily transportable due to 
smaller sizes of panels. System is 147 


Of 609131716 072 7 


2 
ADMANTAGES CONTIAXUED 
417 ES 1651 7071 
Site Adaptable Smaller components and frame system provides 


Preaterteunivemenc. Capadility for adap.eina to 


varied site conditirnse. 


DISADVANTAGES 
ATTRIBUTES DEFINITION 
Numerous Joints Smaller system components increase the number 
amid complexity of joints, compromising the 


weather integrity of the system. 


Er ec tion System requires greater erection efforts at 
the site for assemblage. Longer erection 


tome. is required. 


Completeness' Subsystems and utilities must be erected 
Integration after system assembly. 
Simplicity Concept inherently more complex due to a 


greater number of components, connections 


and joints. 
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The first system designed for portability was ۹ ٥ ٩٩٢ لر‎ 
structure, most commonly referred te as the tent. Iney ae 
most probably constructed of animal skins and branches. The 
flexible skins could take up large stresses imposed upon the 
structure. Only in the last 20 years have the tensile structures 
such as the suspended roof structures, been used for substantial 
building purposes. The increased development of this technology 
has been directly related to improved material membranes such 
as fiberglass, plastics and synthetic fibers of great strength 
and elasticity. 

Classification of tensile structures are made 3 2 ٣ 
their type of support system. Generally consisting of cap اا‎ 
and fabric, tensile structures are lightweight and prestressed 
to a predetermined amount of tension, providing a definite form 
of structure. Such structures can be designed to accommodate 
various external loads such as wind and snow loads and may take 
on numerous shapes conforming to the designer s ERE and 
volume required. 

The science 'of the tensile structure is complex and diverse 
and well beyond the scope of this paper. This cursory review of 
tensile structures shall be limited to the two general types of 
tensile structures and their relative atrributes and charac s 
1:5 165 

All tensile structures have several elements in common. 


The cables are always in tension and have no inherent stiffness, 


fo 
{~ 


and the mitabiiicy of a tensile, sumucture musc be achieved soley 
by a combination of sesape and prestressing. The first type of 
ténsile structure is a polé and framé support type structure. 
DhiswPvpevor o tens)le structure commonly refe.red to as a tent 
Structure f$eMies on a central mast kò provi@é support. This 
٠.06۳538 ٣٠٢۰٠٠٢ ہج ات بت‎ by definition, no external force acting 
upon it because the deadweight of the material membrane is 
negligiblz. Because of additional superimposed loads such as 
wind and snow loads, when applied, requires the structure to 
Still remaan in tension. This requires a cértain amount of 
pwe r ece TD 7 ۹د‎ 2107696 additional loads and to provide 
and maintain its shape adequately. The sophistication of 
prestressed fabric structures can vary radically from domes, 

Ny perworrem=paraboroids or conical shapes. The variation of 
each design is determined by the enclosure and dimensional 
requirements as weli as by the aesthetic intent and prestressing 
pewwumememeswbProught on by these criteria and environmental and 
structural requirements. 

5090۲٣٣١۶٢٠٢ ٠٢ء‎ ٥۹3۳۲ tensile structure is the air supported 
tensile structure. These structures rely on air pressure to 
inflate and create a volume while relying on the tension cables 
Omonov lden estrat, support and shape. For large spans, air 
supported buildings remain one of the most efficient applications 
١٩۱ 17112) fabric structures. 

Tan estructures in general are lightweight, collapsible 


membranes held in tension to carry and transfer loads to supporting 
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OR 
or ground holding elements. Such structures have 1l1ccle)- oie 
and are of much greater potential as space enclosures where 
uninterrupted floor $pacé is reyuired. Such systems supply Gi 


a protective enclosure from the external environmental elements. 
The building shell in essence is a lightweight membrane capable 

only of transferring loads through tension to secondary support- 
ing elements. It is not a total environmental system capabWe 


of modifying the interior's environment. 


Aur 510200 12: 6٣١ ع5711‎ 


The development of high strength and durable tensile 
structural membranes has stimulated the growth and use of air 
supported structures. These structures utilize positive ٣ 
pressure to provide space enclosure and serve as the primary 
Structural element. These structures, dependent on air pres- 
Surization, represent the lightest building systems 7 
available. 

The first proposal for an air supported Structure a 
improving construction methode for military field ٦ 
and depots. After World War IT zhe United States iran 
awarded research contracts for the development of a lightweight, 
fully weather resistant shelter for radar installations. Some 
systems continue to be used for both aiiitary and civil 


SDD LVCaE tons. 


The various classifica@itn GOI GI SIUC I alz 
supported, air inflated and hybrid. The air supper: ed Stree 
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is an envelope enclosing a pressurized volume. AMD pressure 
predoads the structure faeh that it is adequately able to 
PÈSi1St $xteBnally appliec loads without deforming the membrane. 
The membrane itself or tensile type elements such as cabies, 
serve as primary structural elements. 

Sor wint Geared stowictures consist of self enclosed membranes 
which are inflated to form cells capable of transmitting applied 
Needs towstimports by bending and compression. Hybrid air 
Structures combine elements of both types of systems, sometimes 


in eom ان ات‎ wonmwi Ei other structural systems. 


shapesyol Air Supoorted Structures 


Air supported structures may be built in a variety of shapes 
and sizes, depending upon the specific building requirements. 
Examples of various shapes of unreinforced and cable reinforced 
air sumported structures are as follows: 

Domes: In general, they are the most economical form of air 
supported structures for a given enclosed volume. Domes with 
cub oundurges have been utilized for exnibition functions 
and for radomes. 

CSL Seements: For civilian applications the most 
popular shape of air supported structure has been the cylin- 
drical segment. Most standard enclosures are of this type. 

ihe Concept of integrating the use of an air supported 
MEMWA AMEN 34 d enclosure provides increased wevlity for 


SC ee ony and systems. For example, steel grids and other 
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rigid support systems could be partially supported Dy Ce ٢ 
brane under pressurization, especially shere tho rar 


require omly lightness or even transluency. 


The use of air pressure as a continuous supporhing system 
کہ‎ not restricted to buildings fabricated of tlexiblemmnembrO TL 
This concept may be applied to a large variety of shell type 
structures where internal pressurization may be used to facil- 
itate installation, enhance snow loading resistance and stabilize 
the structure against high winds. The only requirement is tnat 
the fabricated shell be of sufficient low air permeability to 
permit che development of internal pressure. "ع۲ 3د‎ ei 
structures utiliz.ng materials of high flexibility and ٣ 
optimize the salient features of fabric membrane construc Nen 
which are:  ultra-lightweight materials, minimal + 3 3ع‎ 1 ۵ 
costs and a high degree of potential for easily relocatable 


Structures. 


Membrane Characteristics 

A common characteristic of most air structure 6۲و وو‎ 
1S that they are relatively thin and flexible. Membranes serve 
not only as a major structural component, but also as a seat 
seal, exterior finish, interior finxsh. .insularion 4223090 I 
and if transparent, windows, No one membrane material success- 
fully performs all these functions. Since the embranc semn 
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as the total enclosure, the characteristics of the mes5rane cM 
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üguctste thé*p&rtormance of the shelter system. Newer membranes 
UTI omer «reinforcement for additional strength and durability. 
wie lemti lms, coatings $r laminaté$ can be agplied to extend the 
lite’ and Pertormanee. Thé charactbristics ot membrane materials 
Pe ane si oman ICON in detérmining their. application in alr 
supported structures are as follows: 
High tensile strength. 
Creep or elongation over a period of cime, at 
comsit anti S mess. 
Low permeability. 
Opieical properti®s which vary with tke intent of 
the designer. Memoranes can provide for high 
translueney forMdavliiehtineg, maximum transmissi- 
bility for solar heat gain and opaqueness for 
mooling. 
Thermal Properties: TRIS 67۱۲۷7۰۰ 6ت‎ ۴۹۲۰ 6 i butions to. the thermal 
resistance from the membrane alone. Entrapment of air between 


menbranes increases thermal resistnace. 

Il TT ienties: Excessive reverbdberatzon time «here, spec.a: 
liners are not utilized. 

Dnwiroumenta! Resistance: New techniques and materials rake 

air Structure membranes as effective as traditional roofing 
Systems. However, ultra-violet exposure results in possible 
color changes and loss of tensile strength. 
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membranes provide for noncombustible surface DUC iS eee 


Prex b ii y 


Summary of Tensile and Air ٭>7 09۲9 ا5‎ 


Air supported structures and pole-frame tensile enclosures 
are considered together in evaluation because thein?! imieat س٦‎ 
and advantages are directly related to the membrane's character- 
istics. While extremely lightweight in design, other elements 
of their design make these systems inappropriate as a "total 
systems" approach for this concept. A comparison oC eee EE 
butes with the critical elements of this concept Ilus 


Elus MEE 


ADVANTAGES 
ATTER CEES ۷۶٦ 
+۷٣٤۴ System is extremely lightweight and hizniy 
portable. 
Exec CHO System capable oi fast erection. 
Transportable System ıs highly transportable due tolum 


or no bulk or EOE 
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ATTRIBUTES 


Fmex ار‎ 


SUmTDTITCTUy 


Completeness 


601861031 ۴ 7و۶ 


Performance 


Site Adaptable 


SOU 


DISADVANTAGES 


DEPINTTION 


Not flexible. Can enclose large volumes 
well, but interior spaces cannot be separately 


enclosed. 


Erectiot and assemoly must be done by 
pe“sennel witaAN prior experieneftf due to the 


multitude of supports and proper tensioning. 


Mechanical, plumbing, electrical and 
ME 11Ey diwEribwEton; not Integrated, MUST 
be accomplished after erection. Separate 


Systems and materia!s are required. 


Limited thermal resistance and capacity. 
Separate heating aad cooling systems are 


required. 


Building site required to be «ell prepared 
ano bat OTIS system is provided 


with the enclosure. 
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Summary 


System does not meet the objectives and goais of the build- 
ing concept. Fabric mémbranes providé limited capabilities" "ob 
performance. Systems of this type require’ Continuous Supporti” 
equipment for DressSurization (if air Supported) and»er fails te 
supply a holistic design strategy capable of rapid er- een 
demounting and containerization. Installation of separate Humpa 
ing elements such as interior walls, doors, lighting and mecha ٥٦ 


systems, renders this system impractical for this intended o sS 


Mobiie Home Concept 


The design of the mobile home is governed by the objective 
to provide a fully furnished primary housing unit that cama 
transported from the factory to the eventual building site wan 
design criteria of the mobile home is essentially the same as 
those of conventional housing aside from the requirement of 
transportability. The major differences of mobile home design 
lies within the construetion of the unit itself. The +8 071100700 کپ‎ 
21S unique in that it utilizes a structur`l box design wnich alan 
for thinner wall construction. They are engineered to reste 
in-transit, erection and on site loads. These loads are dis- 
tributed throughout the stressed skin aad transterred +3٥٣ 
chassis. The principles embodied in mobile home construction 


applicable toward this concept ari aS o دج‎ 
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ie ‘Mobile homes use a stressed skin system to carry 

beads réSultime ra chim light cross seétiomns. 

2. The mobiie home is desizned to absorb the stresses 

AS am wntiré unit, "thue employing @ unibody construction. 

3. “The mobile home is dependent on the chassis Co carry 

emer ezoneot the floor loads. 

The mobile home concept is a viabie building concept 
5٧٣ 3-7 ramtorced for a highly portable sheltering system. 
Nis system incorporates the mobility requizem@nmt along with 
Ehe guiding $oncepr. These structures rely of 3'^"unibody con- 
scr ncipiewmwich restricts their expansion capability 
and flexibility. However, this in part is overcome by the 
delivery of کا‎ ready to use System. The characteristics of this 


concept are summarized below: 





ADVANTAGES 
0ھ"‎ eb U TES DEFINITION 
Completeness Umit is e@mipletiemand ready to occupy. No 


work at sitelisreguüuired except utility? 


connections. 


Erection 16076-٦1607 is required. 
Transport Units are transportable by air, sea and land. 
Simple Concept 1s simple and) straizentiorward. 

ME Y a 


ATTRISUIE 
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Lecal Moving 
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Transport 


Site Adaptable 


Interchange- 
aba veye and 


| Repair 


7د 


DISADVANTAGES 


DESA ا‎ LON 
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Units are fixed volume containers. Spaces 
are determined at the factory, not by the 
OC Spa mc "Ser. Units are separate, requ moim: 


a connecting module. 


Units are extremely heavy. Special equipment 


is required to handle and maneuver units. 


While this system is capable of transpore, 
its fixed volume and weight restrict 
travel capacity in comparison to the 
panelized or skeletal frame svstem. This 
is not considered efficient because of its 


large, empty cubage capacity. 


Units require ievel site unless leveling 


jacks are available. 


Units rely on stressed skin unibody con- 
struction. Repair is difficult when damage 
occurs because of the lack of interchange- 


ability of component parts. 


T ewer 


Su ےد ےڈ رٹک‎ Svstems - Speraeed—-on Buildine Enclosures 


nEnONuSEeuorPecesystemn ot Lapeteating permanent or -emporary 
ele: SstNelcuse"or^the spray-on systems. Based on 3 neser 
developing technology, these systems utilize sprayed plastic 
Of @encrete materials usually reinforced with glass fibers over 
3 GCometrudted or inflated formwork. No shop fatricated com- 
ponents are required, rather, specialized spray equipment and 
bulk materials are needed at the site. 

Pmemecelative simplicity of their design anG farbicarion 
make them a cost effective means of constructing various 
shelter types. 

This construction system is, however, severely restricted 


Don csoscpbldcation in this concept based on the following: 


ADVANTAGES 
77ھ‎ 75 DEON T LON 
Economy System is cost »ffective. 
DISADVANTAGES 
An ۶ ئ٦‎ 
Completeness System is incomplete wrth'reeards to interior 
par 11711 anea 2۵ Mechanical 


Systems and utility distributions must be 
providedeutosFsPbaratelvyeareche site, ager 


Ee sStrUCECURe —usS erected. 
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۶۶ئ۹ 10۷7۰۹۷۰۰ کت ر0‎ 7 
A ee eS Dir ٣ 
٧0 317 6 System ıs not reusable or 0ه وبڈ‎ 
1 ۳ 76 Bulk materials require transport. 906 رل‎ 


ized equipment is aecesseary. 


Plexibility Concept does not permit design flexit ERE 


Structures are usually dome structures. 
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& Air Supported 


Spray on Systems 
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IV. STATUS OF MATERIAL. DECHNOLOG Ea 

LIGHTWEIGHT JBILLLDTN cubat. 

The characteristics of the various materials incorporam an 
within the design will, in part, determine or contribute ME 
COTTON? 

l. ‘Economy 


271 0:123 1177 


Jj. Lightness 
4.  ilaintenance 
5. 111 1 1 cy ot Joints 


6. Longevity 
7, ۷۶٣ 
8. Environmental Performance 
These characteristics are not mutually exclusive from the 
whole system nor its parts. Proper material selection optimizes 
the building's overall efficiency and effectiveness in meeting 
its tunctional ۳٥٣ 117 د‎ 
Advances in material technology range fron the contes 
to the exotic. Some new technologies already in use are care- 
fully monitored for their long term performance, while Semen 
are being heavily researched for their applications in the near 
٣۲٢۷۲:۵79۰ 
Materials which provide dimensicnal stability, ages 
hardness and environmental resiscance are most desired in 
industrialized building. Ian addition to these character SNe 


materials and construction methods for lightweight Sui ioe 





Systems must have high strength fo weizht ratios, highly resistant 
to thermal flow, allow for éasv erection and be economical. 

Recent developments in glass fiber-reinforcement for 
Conere ewonemplastics promises to revolutionize the building 
design aud construction fields. Glass fiber-reinforcement allows 
for lighter building elements with significant increases in 
strength and dimensional stability. Additionally, the design 
strength and characteristics can be carefully controlled and 
1232 nto all builddwWe components. Current research is 
developing composite glass-reinforced primary building components 
such as column and beam members. While their long term evolution 
and design stucy continues, glass-reinforced plastics heve proven 
to be a viable building material affording comprehensive environ- 
mental resistance coupled with excellent structural capabilities. 
CWessereieatorced concrete provides for the possibility of very 
thin panel claddings with exceptional strength and lightness. 

Glass reinforced plastics and concrete avail themselves to 
GEempoo mie Sadmew.cm construction because of the following: 

Petes Sereng th to weight ratios: Extremely light- 

weight and versatile. 

Coe Tocistonucontroimet dimensional tolerances during 

manufacture. 

3. Precise control of design strengths and weights for 

specific component design. 

xL cepntiondlostabibwty to all) distructuve environmenzal 


forces without exception. 
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5 "Maintenance tree and aran ٢ 

DE Field repairable. 

These characteristics make alass reinforced composite 
construction both viable and economical for long term Serve a 


ability and hire: 


Glass Reinforced Concrete (GRC 
Glass reinforced concrete is a mixture of portland cémemc, 
sand and glass fibers which combine to form a tough but Iran 
composite material. The great advantage of cement reinforced 
with glass fiver is the ability to produce much thinner ane 
lighter elements in relation to traditional 5 1ءء‎ ۶10٣ 
Glass fibers within the matrix, carry tensile forces elimina 
che need for reinforcing steel. GRC provides the following 
characteristics: 
* Weather resistance. 
+  Non-combustible. 
* Low thermal movement. 
* Resistance to environmental elements such as 
fungus, insects, ultra-violet, 1adiation and 
humidity, to name a few. 
* High strength to weight ratio, anios ae en 
thin, liebt sections: 
* Early high impact resistance ات(‎ 


* Low thermal conductis Ten: 
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DL lity vt very thin seéeeri-7ns. GRC 1‏ 5 دہ 1ت ت2 


comete = rth lire beliIne marerials such as metals and plast.ces. 


Summarv of Phvsical Properties-GRC 
Permesbrivty Impermeable to water and Aas 


low vapor permeability. 


Temperature and Thermal Low therm2l expansion. 
‘ovement 


Environmental Performance inempcalMandMCacteria resistant. 
Fire Performance Rated non-combustible. 
ئ0۳۰‎ Conductivity 167 ۱111716 ۲۶6۶0391765 019 ٦۰ 


h pact Durability 

when used ia composite sandwich construction. GRC provides 
a thin lightweight cladding material especially when ligntweiazht 
cores such as expanded polystyrene beads or honeycomb construction 
is used. Because of the absence of aggregate and reinforcing 
steel, due to the use of glass reinforcement, GRC may be applied 


Dae layers as Min as one quarter of an inch. 


Plastics 


of 1010617 synthetic nature, ofte- a broad‏ ت9 3٣5‏ 5 5۷ط 


umi DNcatisnNscin construction from primary structural 


— P" t په د‎ n Len remen asw 1 


Slements co Seconduarv tactum لر 1ل‎ Hn Jste s rrago ٢ل‎ 


ba 


lo not have the attributes neede or desired, anel zust Se Wee 
DY stabitiizers an] 2lass remnmiercemence 

The exhibited properties otf plastics varv consen 
depending upon ض۶5‎ 1۴۰۰۱۲۷ +07 Plastics general'!. ال لا‎ 


considerably less than metals and most varieties of lizhcde tee 


concrete. Because plastics afford low stitiness often 1 


e 


neir use, glass fiber reinforcement provides the ٤٩ ص٤‎ 


strength and stiffness. On an equai weight basis, glass rein- 


^n, 


ore@d plastic is the strongest commerciallv ava: ups me 
struction ma eril: Such materials are «nown as ilass ٣ ٦ 
polvesters (GRP). 

Plastics, from the construction standpoint., ه٤‎ ٤ ع6‎ ث٦‎ 
syon as lightweight ease of fabrication, relatively ro an 


0, ۳۲ 


rr 


Y. ni3h strength and even, light transmission Oro os 
Their potential and application can only be optinized wie moe sS 


are properly applied and their properties clearly 01675 ٢٢ 


1 


The thermBi conductivitv ot ail plastics are o e 


1 


quently, glass reintorced piastics vi suffi sent rann 


wi 
lò 
*1 
D 


300d insulators and when used with glass fiber wool or toamed 

plastics as core materials in saücwich constructions; ek re c 
low U-values can result. The thermal expansion properties of 

GRP are comparable to that o* aluminum. 


Chemical resistance and light transmission properties of 


GRP vary according to the type anü iuai:twv وللت 9+ ٌ۶و‎ 
the sel-coat exposed to the atmosphere. High or lo“ qua vw 





Mo Sy enema) we aenieve i x20 | 6 Sr mor 1 i tv resist re e 
17 poet Newmar iness of the suriace. Pewee eae x5 
E M The Gir panel We tu periorm has a tajor ettect on the 
NON AD AA Ou isnt W The ewtent tò -anhien tne physical and 
pom UN RA n tes it Se ite cer Tale BectinesS wilh tine iub t2 
e ط10‎ 06 nas nor been tullv establisned. Temperature 
ANN ysevcrenssecoupledjowT1trh intense Solar radiation may‘ 
SIS: لل دا اا‎ ۸ ۱ ۶۹٣۱0٣ Of plastics that are not suited te 
011 DO 270115 266311 50 oi TNE valuxsle nature ot plastrc 
aeuo ٠ 5وہ ہہ‎ 5۴۷۰٢۲٢ identify any one limitation or 
oe EN ie GOL TRE matter 1S that anv suitable plastic 
Goumegsicemcan oe formulated tor anv one particular end use. The 
۲٣۰.316 وب ی0۲7‎ sre Usually Hiren cost and questionable 
3. ran e Oo ber ود اه وم‎ and uncertainty mav be ainimized by 
eeasve@eration of the followiag: 

pK, movin MENE- Speeific conditions to be met by 

311 materials ia the building. 
E clectoon ol a olastie naterial nost suitable 
٢٣٩ e a il iépèEiòn. 
٠۰۰۰۶6 ۰0٣ TCO accommodate the properties of the 
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+. Design components for easy replacement. 
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"«eiant ratt:o depending on matrix 4 


lanent-wound fibers afford exceptronga 


5 >2 2 ۰> ٦۴28 ۲۱۷۶۱۱۰, ۲٦ "٦٣٦٣ 
Temperature an] [ine ٦٦٣ 

Plastic properties ot strenath and stittness vary seen 
temperature changes. Laminates and reintorced plastics are least | 
affected bv temperature changes. 
Touzhiness ami Jar ness. 

Plastics are capabie of extrete toughness amann 
resistance, others can be sonn en even | 

1 
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Relativelv high 
the chenical هع‎ 74 
ہت کت‎ ٠ ۶٦۶ 
Compared with me 
۷۰ت 3 7ت‎ ۰ٍ 
ما‎ 25 6٤. 9 +٦ 
Plastics ۹ bWgH 
Solar 000 ٦ 
31:0 یی ھ9‎ ۳۷ 
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possible. 





Inpervious to water Vapor. 


coefficients of expansion can vary «an 


ion and fiber reinforcement placement. 





tals, plastics are heat insulators. 0 


ng GRP may bv highly transparent oF Oc 


lues may be as high as 905. 


of glass, coefficients of about dl NM 


"m 
nn 


ہل تی ومر سرو 
COTS resistant. VerngunemebucTerr 314 nsect resistant‏ 
MES amame et toO ultra-violet radiation Can be obtained hy the‏ 
TRC iusion of Stabilizers such as carbon black.‏ 
Fire Resistance:‏ 
pv xhustics do net afford tire protection or‏ 


pesusprance —Filbbers. plasticizers amd egiass reinforcement 


increases both flammability resistanéè and eost. 


Foam. Plastics: 


eT lle Structural use of foam plastics has been made 
so far. Their main use has been as core materials in sandwich 
panels. The main advantage of foam plastics such as polyurethane 
over otner insulative materials are their excellent low thermai 
cCom@umetiviey (0.02 wime’¢°) coupled with good high temperature 
resistance and low vapor permeability. 
[vemwuse Ol plastics in construction are so Numerous that 
m ople ear empe to detaillall its end uses is impossible. 
opl enil ustrative list attempts to overview their possible 
73۳۳۶٠٠٠٠۷۷٥٠ dD building construction. 
Primary Building Elements 
Facing for Sandwich Panels (GRP, PVC, PVF, PMMA) Reinfcrced 
Plastics, high pressure laminates 
bonded to a variety of cores. 
Plastic films over metals, such 


asme ceel Orealuminum for protection: 


P PD. :‏ یوی سی ۰ سید 


e ees 


Cores tor Sandwich Panels 


a A a e تک‎ 


Reo fs 


special Construction 


Grids 


Tension Fabdries 


Secondary Building Elements 


Roof Light Domes 


6 ؛ ٔ 1151 


Hardward 


Polystyrene, urethane or nn 


pretormed and piaced between 





rigid sheets. Honeycomb struck Ena 
nade up of paper iapregnated «ith 


phenolformaldehyde. 


Reinforced plastics and Or Plastic 
coated fabrics in shell tomm 
sandwiches, etc. Opaque or 


translucent facings. 


Translucent plastic bonded to a 


meta] grid (i.e. . اا"‎ 


Nylon or glass fabrics coaten 


with PVC. Transparent filis 


Double lomes aininize دو‎ ٢ 1. 


to condensation. 


Provides corrosion-free main- 


tenance free building elements. 


Exter ion Buildine Finishes 


wails, Bonded Films, 


and Sheets 


Mechanusalsa4and Electrical 


Building Elements 


Water and Waste Piping, PVC 


lanks ee uavacories, Urnals, 


Showers, etc. 


SI, 


Piomemted or transparent films 
or sheets bonded to various 
Substrate. dme. metal (GRP) or 
plywood. The advantages are 
mnutepral.colw5 resistance to 
corrosion and decay, and 


DuzotectoNWMot substrate materials. 


Corrosion resistance, lightness, 


toughness and ease of fabrication. 


Gel-coated reinforced plastics 
and acrymyesmattcrd low weight; 
low [thermal@eonductivitv and 
resistance to bacteria and 


EGFFOS TON. 


Room Component Manufacturing Concept 


Room size boxes with sandwich walls, flcor and ceilings 


consisting of filament-wound 
lightweight material such as 
struts could. be incorporated 


A SWEN iat eora lion. 


Ines wound around a core of 
foamed plastics. Ribs, posts and 
11:7 ۲۳٢٣۰ء‎ 8 ۶۱ itself if desired. 


li2htweignt boxes could be 


gba me ET — 
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conetcucted to withstand impact loads of transport and 1asca ص٦‎ 


Traditional Building Materials 

lite treditiwnai Ouilding mateeials for light wea 9m scam 
Struction remains wood, aluminum and steel, of hich mS 
attributes are well known. Stressed skin panels ١۱١٢ َ( 
plywoods and wood frame members are by far the most economical 
construction available and affords high strength to weight 
ratios. However, wood is limited by ics nomn-unitor NN 
variable dimension tolerances avd is not precise enough to 
achieve sophisticated uniform production units. “Gonere n 
limited in its application because of its weight and ty ome NM 
large masses required. 

Steel and aluminum affords themselves to lightweight con- 
struction and factory production because of their high sepan 
to weight ratios and uniform, precise tolerances attainable. 
Because of their high strength and rigidity, they 6)٣ 
efficient in withstanding externally applied direct torsional 


loads. 


Ciitmate Control Strategies 


Most buildings are designed for specific climate and geo- 
graphical locations. Specific climate control strategi esi mE 
typically incorporated into the design for year round com CEE 
ihe building concept addressed in this report must be Sccapum 


of adapting to various climatic extremes. This ability tomm 
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HN UE 6۹ہ تح‎ 6 ND ecmairtarm:nz human comfort is a3 critical 
uu sue contr9Wtrine Coward the success or the system. do 
mueve this@géal, the system must provide tor a holistic fesian 
Strategy which optimizes passive energy concepts to achieve a 
high degree of energy self-sufficiency. 

This strategy is based on the need of self-reliance since 
energy resources cannot be assured for most military situations 
and in underdeveloped locations. Optimum system effectiveness 
is attainable only through completely integrated and adaptable 
climate cont mel strategies. 

[hes Comcept would accomplish the following objectives: 

1. Economical: Provides for long term system economy 

by excluding expensive portable mechanical systems and 

fuel storage needs. 

PN duprable:'Holrstrc clumatic control design provides 

2٠۰۰ ٠ہ‎ 0 tor all possible climate situations elininating 

a multiplicity of systems. One system is more economical 


than several systems. 


(iimemour pose ol Climatic design is to Maintain or to mini- 
mize the energy dependence and cost in maintaining a comfortable 
Enermabwenvironment. “Thas’is accomplished through the integration 
Of passive control strategies designed to naturally modify the 
interior microclimate. The buildin~ envelope in passive climate 


Aa ANNI Ya mechanism through which heat exchange can occur 
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FIGURE 1: FUNDAMENTAL 5 7۲× ۹۶۹۶ ٌ ٣ 


سم SORTA AA ST A no DO N TE I a r‏ یو OR‏ لاصرافه مه ۸هر 





between the interior and exterior environments. Fundamental 
Coo a a peopel ons Consist of admitting -er excluding solar heat 
2ain and or containing or rejecting heat energy present in the 
interior space. Most of the control type systems available are 
9 12 2101 are found in “themitocmeot material nass éverhamngs, 
115112 ؛‎ 215 and orientatioñ® of glazings. 

The selection of any one of these strategies will have a 
decided impact upon the design, construction and material selec- 
eon GG the building shell and interior organization. The 
application of these four heat flow control ootions along with 
Che wieur mechanism. of Neat transfer ;aconvetGtiom, conduction, 
sadlatron and evaporative cooling co@ibimme to produce various 
climate control strategies. These various strategies are iden- 
tified in figure one (1). 

We sSeErategnes can be ۱۶0۸۸78707 classified into winter or 
Summer climate design strategies. Ina holistic design approach 
Mon SeEratesy.should preyani to the extent that it impacts 
upon other strategies and their effectiveness. Rather, all 
Systems should be integrated with) ene another to optimize each 
within a single functioning system. Compromises must be kept 
Bat Lanne «En thesoveral. desired efi letency or performancë. 

ae, Vardous Cliglate control strategies are shown on 


the following table. 


aa» 


سے سے 


ome 


wA) PRSA p ot 


Du 
8 SEL MET 
* Restrict conductive * Promote natural ventilation. 
heat flow. * Restrict solar heat ٣ 
* Restrict infiltration. + Promote evaporative "+9 0ة‎ 
* Promote solar gain. * Promoté radianit ۳ئ‎ 


* Earth Coge Ton. 


The appropiate use of any one of the above design strategies 
of climate control under any combination of ambient temperature 
and humidity conditions is determined by the local chin 
conditions and requirements for human comfort as determired by 
the bioclimatie chart comfort zones. Figure two (2) inda'w M 
with the use of the psychometric cnart format, the parameters 
for human comfort as they relate to an appropriate climate con 
strategy. The limits of each strategy determines دا اوو و‎ 
zone in which each strategy can be employed. The building 


bioclimatic chart indicates that ;^;henever ambient oun 


rh 


temperature and humidity conditions fall within the desi Rie 
limits ot a control strategy, the interior of a building des ٣ 
to effectively execute that strategy will remain comfortable. 
Failure to address both heating and cooling needs as a function 
of local climatic conditions leads to the exclusion of one eman 
optimization of another. The resultis insacrifices in amp 


comfcrt and eneray pertormance, and limits its Operam 


geographic area. 
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No one ciimate desian strategy should be optimized over 
another where the geographical climate conditions varv wigh 
relative extremity. Generally, passive heating strategies 
are mote effective than passive cooling strategies. Fason 
cooling potential becomes more restrictive in its coo iit 
capability due to usually increased absolute humidity. hM 
sensible heat loads and fewer, less effective cooling strategies 
available when most required. It is generally in hot drm 
hot humid geographical areas in which passive cooling strategies 
must be optimized to approach the minimal ranges of the comfecrt 


zone. Generally speaking, the more cooling affect required, the 


less it is available. 

Due to the relative limited capabilities of passive cooling 
Strategies and a higher probability of greater military involve- 
ment within subtropical and desert geographical areas, passive 
cooljng design strategies must be optimized. 

Summer Climace Cognwrbll um cS 

Passive winter control type strategies are relatively 
straightforward; restrict conductive heat ۶61۶۶۶ 
infiltration and promote solar gain. Restriction of cad 
heat flow transmission is primarily achieved through the use 


of restrictive insulations within the building envelope. 





Passive solar heating requires proper orientation of the ٥٥ 
irg along an East-west ax13, extensive use of glazing and 


materials with high storage capabilities US eee 


ao ease lav elem len densities aand erupt. Dos o" stracem es © 


i 


rec "meade losswMrthkousghu conduction usually require the struc 
ture to be decoupled from the eartn or rely on extensive insul!a- 
Sonera prevent Neat loss from the “interior. MONA LA ISI ZE Re 3.t 
loss from possible infiltration and subsequent Sensidle heat loss. 
the structure's envelope must be tight. 

The characteristics of a predominately designed passive 
heating system are as follows: 

Peeewouilaing envelooe well insulated. 

wee ov ۹۳ ٠٠٠۰٠٠۷۶6 ت٠ت‎ 1210 for maximum solar infiltration. 

ne rma l Storage provided through heat capacitance 


materials. 


چک 


a One IoOTMES ani nized to reduce infiltration. 


5. Building envelope minimized to reduce surface area. 


Passive Cooling Strategies 


Cooling stratesies must not only address sensible heat gain 
EVtwalsO absolute numidity centro!. The summer cooling strategies 


are: Ce Gromere Natural ventilation; co restrict solar heat gain; 


Como MMMEMeVHMPEEHEIVe Cooling and tă promote radiant cooling. 


۳۲ Ventilar Ton 

Two primary strategies are available for ventilating build- 
"UEM Te SUulceoLlityeof Gach is related to the absolute humidity 
peces toad! clamate. 9They-are continual ventine, (e.g. cross 


ventilation) and nightcime venting. Natural ventilation serves 
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to accomplish tne foli or 

l. Satisftes fresh air requirememt s. 

-. Serves to increase the rate of evaporation and 

sensible heat loss from the body. 

3. Cools the buiiding by exchane2ineg warum ee 

cooler, or treated oup Toon للا‎ 

Natural ventilation applies to the movement of air due to 
the thermal forces (relative air densities) created by surround- 
ing climate conditions such as wind or thermal foerceae 

Comfort in very humid overheated cezgions is attainable by 
natural means of constant air movement. The ےک ى3 ںی‎ ۶۶۶٦ 


oerformance or ventilation is limited to the cooling sink 















potential of the dry bulb arri enpo ran a. In such region 
the diurnal temperature range is small due to the suppression ot 
thermal radiation to the sky by a humid atmosphere resul eie 
nighttime temperatures not cool enough to counter balances 
overheatness of the day. The greatest thermal advantage in 
design 1s obtained with the use of lightweight 3ا5‎ ۶۶ ۹ 7 
that cool otf quickly at night. DJayti:ze temperatii eMe M 
maintained by venting as effectively as possible to dissipate 
solar heat as well as to promote evaporative cooling of mba 
heat. The promotion of natural ventilation is cr MEME 
optimize thevconuntrol of humid dmm 

In dry arid regions, conditions are usually so dry ane nn 


comfort zone limits so greatly during the day that ventan 


is undesirable from both the standpoint of bodily water Gamage 


) 


ud rphernadwcomtort* mie) lowed ite mu Cne Btmosonere aiabws 


٠ک‎ 7 ۱ ت۱‎ onto lal! deeoly at nrlnte sò buildings constructed ot 


Mma S S ده‎ TOOLS cane marntain moderate temperatures throug ine 


ever dayvurme.) Utemwentiletron strategy for such regions is to vent 


4) 


ae aor sac TORENT 31 efose the building during the day. n) 
diurnal ventilation 1s usually accomplished through the use ot 
Siete oenettattons anu devices which precool the incoming air. 


Such mechanisms include evaporative screens, ventilation tunnels 


ane Covers. 


Promote csadiame Loss 

foree unuüamental aoproaches to building sheil design result 
TOM CNIS strategy. They are: 

I DES CN for isolatión fron external conditions through 

thernal resistance. 

2-6 Or comerolliig timing, of diurnal interaction 

vi heene rnal conditions (thermal mass). 

3. Design the building envelope as a ducting system to 

transport and distribute energy. 

The potential of radiant loss is dependent upon the mean 
radiant temperature differentials between the external and 
interior environments. aA minimal ditference between the two will 
cause or induce the conductive heat flow from the warmer space to 
the cooler temperature. The use of such a strategy is reliant 
MONS IA ont ne R dif erential, but requires direct coupling 


Vib ieee x ternal environment which serves as a heat sink. Ds 


dnm —‏ ^ کک و < 


ooo ہے‎ 9 


gea ہہ‎ 


Strateev precludes the use of insu.adtions and wa ls trem ٧٢ ار‎ 
which create air spaces or decouples the space from the exterior. 
The third approach ucilizes the buildine envelope for oFfo- 
moting the transfer ot heat energy throwghout the +٣ 
Double shell cavitv «alls and roofs can be utilized to ۶ى‎ 
natura] ventilation around the shell, and restriccs solar MM ٣ 
che interior cavity through heat gain reduction and radiante 


ing resulting from ventilation within Che vail gami 


Design Implications to Promote Radiant Loses 


l. Use double wall and roof construction to promote mM 


ventilation, radiant heat loss and heat gain redvction. 


t 3 


Limit use of restrictive insulations in walls, Toci mS 
and fl5»ors. 


3. Use highly conductive materia. 


4 


Use direct earth contact to »romote radiant heal lS 


Another approach to radiant cooling utilizes thiermal ae 
to dampen the affects of daily temperature fluctuum c MM 
an approach is limited by the assumotions enan l) the exter Ton 
shell ls massive enough so that it dampens out daily temperature 
gains, thus maintaining a stable interior temperature clon ٢ 
che daily average; and 2) that che building is closed durim ة8‎ 
daytiné minimizing solar gain and ٣٥1 ٣۴ع و‎ dle m 

A building structure desizned to optimize such an appre لر‎ 


must be thermally massive and have a highly reflective outer 





Srt yce so sodwér amen is nanmimazed. MCN وہ وج ےد ہے‎ is opitalzeu 
wiemsinconrporated w.th a nighttine vèemEeilation stratevy. 151205 
strategy relies upon the time laz capacity of materials with 

ason Enermal féeapaci ty. ESSentiallyv cheses naterials, after storins 
ai meal TIRS, dissipate *his neat slowly in the evenin2 «nen 


Pie Ge ne trermal TESmperna Ffuces allow for rauigantc cooiinz. §fhis 


system precludes instantaneous transmission o. dailv heat gain. 


a 


DESA RI mp ۲٠۱۰۰٠۰۹ for Radiant Cooling Thermal ‘lass 


i. Use of high thermal and storage capacitances for walls 
and roof materials. 

2 Pesign insulation with storage capacitances rather than 
exclusive restrictive insulation (i.e. polyurethane 
insulation or foamed urethane core, GRC) 

p umpNeseuse wirngventilateson systems for optimum 


performance. 


So are eati Gain Restriction 

a aS 0و‎ 2117 single cooling strace2v is to 
reduce the amount of solar heat gain to the building envelope. 
This can be accomplished by shading elements detached from the 
punsBdone smellcor-even by earth sheitering (partial or full 
BammEcomtacr)- In ertther case, direct heat gain is restricted 
and the mean radiant temperature of either the air or surrcunding 
NAN EE ده دو‎ of conduction heat flow to or from the 


building envelope. One possible strategy is the use of double 


a —— Bruant; dui ومر دز‎ 


- i ce ct Mem ac 


* سے > + 


<٦ ٠1٠913-٦۰ Between the two enclosures 15 1 dassisgae. 
“av for natural ventilation to carry off heat bani up «mwan 


"inimizes them. 


(+٦۰٦٥٣ 
l. Extensive use of shading ۴٥٧٢م‎ ٢0٥5 and ۶۶١۶٦۶٦۷٦ 
2. Restrict 156 1 I 3E 
3. Use lightweight buildiwemateridd B with in 
conductance capacity "tor raprdecce ٣ 
4. Provide wall and roof components with decoupled 
interior and expernal tacings with ventilationMs SD 
in DSetween to maintain stable ambient “ART surrounding 
the burlding envelope. 


5. Provide for possible earth sheltering capability. 


Promote Evaporative ooling 


The air cooling process chrough evaporative cooling can be 


used most effectively Wnere the absolute and relative Nu ss 
are reiatively low sucn as in dry arid reaqions. ۶٦ siv 


can be considered as a neans of dissipating sclar heat absorbed 
at the surface or as @ means of extracting heat from the interes 
The first strategy provides a nechod of reducing the amount TT 
heat conducted through che shell into the interior دلاو‎ sS 
second strategy relies on the outdoor air as a heat sink who 
evaporative processes exploit. For ء٠ فی" فئزئ ذ اید‎ 


interior must be ccupled with the evaporatıve چ3 ٤۶و وںک‎ 11-7 





nom EcoSdmNctaevesr oot structure. The ertectiveness of the 
٠23-00٣٦ heat dissipation value depends on the 
fol lowins : 


Wee SO Umer etlectivity of the root FEB face. 


Uo 


vene orlon ol the underside of The root. 
DW ASI SE WE S “af heat conductivity through insulation. 
(Roof mass reduces maximum intensity of heat gain but 


OES little tò reducè total dailywheat load.) 


Promote Conductive Cooling 


Meni round is the only Sink in@ehien a builldine can 
Bone yayousi vv lase heat by means Of Conduction. The rate of 
heat transfer is dictated by the mean radiant temperature 
differentials between the interior and ground surface tem- 
perature. This strategy requires the building envelope to 
be coupled directly to the earth and a ground temperature 


depression to induce heat flow. 


Waman - Climate Control Strategies 

ANS Ola EDE ae proviadine a single bujldin2 to provide a 
ccmfortable thermal environment throughout a wide range of 
climate extremes with minimal or no energy supply requires a 
holistic and comprehensive design strategy. Extensive use of 
Bas ve Climate control strategies provides the realization pf 
۹ 1 لت تت‎ INE THI N orobaLility wor conflict within the 


dele د2‎ 3271 tropical geographical areas require emphasis to 


عر ہہ چڑہ چ ہے سے 


070 


oe placed on summer cooltinz desizni stratezies. [evr mann 
and etfectiveness zenerally decreases as their needs 186۳ 
requiring full optimization of cooling Straweu oe 5 ؛‎ ء۶۶۰٠‎ 
to promote ventilation, solar neat 2ain reduction. evaporatudwe 
cooling, maximizing earth cooling and radiant coolina poten mm 
3ll 3re requ red to be? optimized and integrated into 3 SEU 
design strategy. Solar heatiig could be applied to domen 
water heating and space heating requirements when needed. The 
use of high capacivcance building materials and readily available 
materials such as sand and earth could help detain instantaneous 
heat gain and achieve a thermal flywheel affect. Radiant cooling 
could subsequently be emoloyed in the evening hours, coupled 
with ventilation strategies to dissipate daily heat Tain 
absolute humidities permit. Because of the likelyhood of high 
humicity and temperatures to be encountered, ventilaticn must be 
maximized throughout the system's design and highly conductos 
materials utilized to optimize conduction and ٣ش‎ ٥٦١٣3 ہج‎ 
The following is a list of climate control stratezies ann 
vnriables which should be considered for application 01mm 


mo Dest SS 1 1۳116216 ٢٢٢-٢ 


Site WW iadles (Site Sele 7 
* Use neighboring land forms, structures or vegen ann 
to aid or promote design strateg3ies. 
+ Orientare building components to minimize solar >٠ 


lsiuce ventriation ain] promote zrouns terp ire MOUNN 


e aa 
aero ‫َ 
m. w — E 
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* 





0107772 
3. و۳1 یی‎ [Or wailisS and 213-1ing expose! to t^e 
summer sun. 
ہہ تج پ٭‎ ۲26۲٣066۶1۷۲۰۶ materials on floor and wall 
components. 
"uu Uecewxwterror shading elements tor roof svstenm. 
٦٦۶33۱ Envelope 
LE ECE materials 017 525 36ء ہ م23"‎ 62۰ tco control 
heat flow and preclude instantaneous heat gain. 
fo ni mise window and door openinzs. 
EN se Vestibule Of exterior sun shielding at entry ways. 
* Use conductive materials where possible to promote 
paudrlautecoD4rIns to ground and ali? heat sinks. 
Jatra entilation 
* Use oper air interior to promote air f'ow. 
IEE oni denor the vertical flow, stacx atfect SH han 
ansan tsweEo promote ai. tlow and ross ventilation. 
2ه 2وو تار مه‎ Foot and wall construction for ventilation 


the building shell.‏ ان ګل 


"m 
wa 
gou 


IE ہی‎ ۲٣۹05 open WRil rea tb oromote nbh* را‎ 


went lation. 2د تک جج۷‎ 7 ut 


Key Lle, 


-e wingwalls, overhangs, and louvers to direct and 


promote wind flow avd venturi effects. 


IE NM I onitorsetor- stack effect ventilation. 
c سه‎ TD. — mante 
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* Promote reduction of absolute huai ne 
the use of mass exchange coupled wen ٢ ارت‎ 
Solar wan SO mae 
* Use passive solar collection techniques to ٦ 
eneragv through either water storage or ٤٤٤ 


* Use passive solar system tor domestic nou anan 


= سے‎ avan سی دا‎ - Le = m. 





VN CURRENT STATUS OF PORE BLE IT TONER LGSTHELTERS 


Portable military shelters have generally been designed to 
Drove NOTE term occupancy for ™Specialized and Highly critical 
operations such as aircraft maintenance and emergency medical 
oper allons. These PE OI operations cail for standardized and 
quality work environments to achieve optimum ef.eciency. Person- 
nel shelters generally have seen less emphasis for development 
because cf a wide range of commercially available pre-engineered 
Systems and a questionable need in replacement of time proven 
tent sheltering systems. 

The function of a portable sheltering system is unique and 
unquestionably meets the current needs of the rapid deployment 
force concept. Such systems makes military personnel immedi- 
akse anvan lablie for their primary mission; provides a recoverable 
and reusable system whereby preventing loss by friendly forces 
am eal By در لاو وه دوه‎ forces, and they can provide a quality 
۶ 131د 16 20" تت‎ Seandardized living environment tor short or loka 
Cerm Missions. Portable sheltering systems, because of their 
Rense cCapabiiity, Came provide an economical and feasible alterna- 
tive to typical pre-engineered building systems which have limited 
capabilities., 

While inherently economical in its concept, the development 
٣ئ۰۰٠‎ ٠٠٠٠٠4۷٥٥" ٦ذ‎ 0 (٣6 military shelters have been severely 110 
by the same criteria used for their development. Emphasis on 


maximum economy has severely limited the flexibility and potential 


ge 


of mobile shelters. Design and construction are governed ار‎ 
container and transport requirements while typical service @imee 
is programmed for no more than rive years of continual use, or 
ten years storage life. The result of such constrictive parameter: 
for development has evolved a family of standardized expandable 
and non-expandable transport containers modified to adequately 
support occupancy. However, they are severely limited in their 
flexibility and use whereby pre-empting their further development 
and continued interest. Contributing to their demise SEU 
ability to respond to a variety of user needs, climates momi 
various site topographies. Extensive support equipment is also 
required for their transport, erection and sustained them اا‎ 
comfort for the Gecupants. 

Off the shelf, commercially available portable bu ANN 
Systems generally have the same limitations and deficiencies 


which prohibit their use as a highly portable and f Termi ES 


sheltering system. Most commercial systems do not provod EE 
phased construction. They are usually fixed volume modules 
having limited functional and complexing ability. Such systems 


are highly dependent on mechanical cooling and heating systems 
required to maintain thermal comfort. Also due zo their wonn 
and shear weight, specialized transport equipment is necessary 
for handling and erection. 

Other off the shelf, commercially available systems are 
generally more of the pre-engineered building type. 66 


site construction effort and time is 6٣١ In retrospecas 





fors 


both type systems have severe limitations which preclude their 
eftectiveness as truly portable shelter svstems. The implícation 
of the current status of shelters indicates a need to formulate 

a new set of programmed criteria moving away from stringent 
economics towards optimum flexibility and adaptability. Failure 
to develop new development program criteria shall result in 
continual development of limited flexibility systems limiting the 


MOISE call andi strategic capabilities of the Armed Forces. 


b d بر‎ osi UN Sond he 
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Vietnam marked a turning point of construction requin ٤ 
needed by the military for a number of reasons. This com,» 
Spanned a period of over ten vears in which the United States 
committed over ll billion dollars to building programs. an 
this figure includes non-recoverable items such as port faciluitog 
roads, bridges and airfields, many other facilities such as 
hospitals, housing facilities and administrative facilis 
constructed. The legacy of Vietnam will be in part reden 
for an enormous construction effort which has in turn démon 
the enemy after our withdraw and eventual defeat of South Vietnami 
The lesson learned is that not all conflicts are ٤٦۱٣٥٣ 


term involvements with predictable positive outcomes. The use of 





permanently constructed facilities should be questioned when 
conflicts such as Vietnam arise in the UUme 


Almost a decade and a half later, American Marines OM ENE 








E 


Macdle East were Paske 


fi 


as peacezakers in Lebanon for an unspec= 
ified duration. The occupational forces had to rely, upon 
existing urban facilities for support and housing of its ٢٢ لر‎ 
The concentration of personnel and reliance upon a local urban 
facility resulted in tragedy. Soon afterwards a rapid phased 
withdraw again was underway under strikingly similar circumstance ول‎ 
as AA VLE. 
Both situations have similar characteristics even لست په هوه‎ 


situations and locations are different. Contemporary c mo 


ske 


logistic# and tactics have évolved the concept of "Rapid 


1 


Deployment Forces." The term itseif signifies a new strategy 
for contlict involvement. These Situations all underscore thre 


Meet or sa port taole shelter system of increased sophistication. 


Attributes 

One of the primary objectives and needs of such a system 
is a simple erectable building system providing a cost effective 
and high quality standardized living environment. The system 
must be able to provide a comfortable environment througnout 
a wide range of climate extremes over short or long term 
occupational basis. The need to provide a wide range of func- 
tions in a variety of sizes requires tne system to be highly 
flexible. To achieve these primary requirements and objectives 


the necessary attributes of the system are as follows: 


a Easily erectable components using only standard 
Ugodhs'cand materrals. 

PME cbe provides fot expansion and a variety 

of arrangements. 

3. Climate adaptive: e dos. comfortable thermal 
environment throughout a wide range of climate extremes. 
4. Transportable. 

S Reusable portable. 

o Site adaptable: 


ue Durable. 


DOR 


3. Minimal maint@mance required. 
9. Fragmentation hardened. 
10. Cosc elre ive. 


۴۱۶۰" ٦ 


These attributes establish the essential program guidelines 
which must be satisfied and integrated into a successful systems 
design. Failure to integrate any one of these attributes) Gam 
posslbly render tne system ineffective. The design goal Shall 
ve to apportion al] these elements equally to achieve a fully 
integrative system: 

In order to insure a comprehensive and systematıc approach 
to the design process, an understanding of basic principlesmm 
concepts of systems building is required. <A rationalized us 
ing approach attempts to standardize the building process. Based 
on a modular concept, this area of study provides a benc TEENS 
from which to or nize the design process and provides rationale 


tnto the buiildiaeg system with regularity and intercnangesa لرل‎ 
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PROGRAMMING 
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This section identifies the major attriettes amd crew 
based on the user needs and objectives of the system. JE 
attributes were identified specifications as to their DONI ٢ لوط‎ 
and performance were identified based upon previous study and 
already established criteria by tne Department of Defense. 
Selection of the systea's concept, construction, system ll 
material selections vere made based on their potential to satisf 
torily meet the projected criteria. 

No commercially available system is available to meet the 
program's functional specification. Design criter:a requires 
the development of a prototypical desizn with the utnoseme neue 
1bility of design, assemblage, transport and thermal perét pani 

The basic concept relies on a modular aluminum skeletal 
trame system designed *o be stored and shipped -ithin standard 
(ISO) containers. Secondary modular panels consisting of 
composite construction are to be inlaid between ند‎ ٦ث‎ 
elements to incr@ase rigidity and provide enclosure WM 
governed by the following attributes. 

* Department of Defense desi2n guidelines 
™ Site sadapabigii ty 
* Simple erection 
“ Transportable 


* Plex3511:ictv 





t Repair and maintenance 

cx Dmm thecmadlccontort "peli opem es 
in varying climate extremes 

nar ersveselisutitclency througs! passive 
cmudre control strateoYes 


* Economical use of materials and svstems 


These criteria establishes a general systems plan for the 
detailed design to follow. Detailed design and integration of 
geometry and system to be performed in (692) Professional 


Study program. 
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System Obirecrives and Goals 
+ To maxke military forces immediately avi: lable .ہہ‎ 
mission by providing a portable, reusable b5buildine svsmem 


MINIZIZINZ Set up and ۹4۴ 1د‎ ١ اه‎ I ٢ ا‎ 


* To prevent loss of real property, supplies and Wate 


to the enemy in the event of a rapid withdraw. 


* To reduce the amount of construction effort and + ٢٢ ٢ 


lost. stolen and misdirected 1 


* To develop a single inter-service building systen readily 
available and responsive to a variety of functionci require- 


ments, needs and uses. 


+ To develop a system capable of maintaining a cos or لګ‎ 
thermal environment throughout 3 vide range ot clle mEn 


OG ees. 


* To develop an energy efficient and self-sufficient in 
ing Svstem to reduce reliance upon Local uco oae ss 


seati Tous restpoly of ٢٢٢ ٠د‎ 








Key 


Requirement 
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attributes were identified te meet the concept’ 


pbpyectioveescind os س‎ These elements are as follows: 
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"eet Department of Defense requirements for 


ocon e shelters. 


<:٦ ۰ 1303. 


for easy erection and disasseémbly.‏ و ہابت 


TN 1 


NENGCatable, iightsetrgnr,, trhasportadsle svstenm. 


idòl lity.‏ رت 


Provides for easy repair and maintenanca. 


Papa is TOT OPC cthersadl comfort in climate 


renes of temperature and humidity. 


Fragmentation hardened. 


FEronmommreal. 
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Eretay efficient. 
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ani oF 


Aitor ond rye ge 
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Repper and "s1ntenance 


Therma! Performance 


Fragmentation 


Hardened 


*conomical 


Habitable 


۶۲۰۰6 ۹۹ 9ؾ‎ 9+9٤ 


2 COMPONENTES, DC $ EY pe Y re 
EIN DEG ا جج‎ Pu T 9 + 7٠۹ 
SOM EE nag Sy STan S 
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VA tegrity offs desi 2n, 


Ts Steno 7 10118د‎ thera 
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temseratere and humidity. 


* Building envelope provides 
i| aed ۳56060 resistance: to 
ت5‎ arsasetoerecand atrborzs 


eae er L S: 


ECONO Ol NSS 3جو لو‎ 2+٥5 
and systems CoO achieve oroject 
دو ددد دو‎ long term vse fulness: 
ت۳7‎ ۱۳۳73۱06 would besot i see 
Dye lon SSIES life cycle and 
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۰۰۰۳۶۰۰ 98 thermal. and 
1572 0 6377 دل‎ 00177 are 

ORI CITT Cae DUI دمه‎ 
System does not promote austere 
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Meets DOD requirements 


for portable shelters. 
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Reference Publ yo wae 





SIL-ST2-0907A (see Appendix A) 
MiL-A-8421 (General Spec ONSE 
Air Transport) Appendix 3 
NECTED 

ANST- ATIO. 

4IL-STD-1472 (Human Engineer ٥٣٢ 
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Sitë Adaptable 


ESE 1112٥ 


Adjustable and 


Self Leveling 


Versatile Support 


System 


0  ە‎ 860 


Petrievable 
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Desin EISE Cg broms Criteri 


* Adapts to level sites without 
need of separate support systems 
or prepared foundation. 
adapts- to Sloping sites TE 


greater than 107. 


* Adaptable to = broad range of 
soil types including permafrost. 
* System can allow for earth 


Comeactor Cle’ ated support: 


Boba stribuces 76 77۶۳ 

Hoes ت70‎ ۲۰٢۶۱٠ >7 

* Offers potential of easy 
adaptation between principle design 


modules: 411 104d “transfer. 


B Fol dation support svstem 


1nctesrgted wrtnlin main struere. 
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Suppert system applicable o 


a broad range of soil tyvese 
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Svstem Selection 


System Support 
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* Point load concentration uSime 
adjustable pedestal bases with 


leveling indicat8ms. 


* Designed for manual or 


pneumatic adjustment. 


* Base pads to accommodate vanyam 


soil types. 


* Support system integrated SM 
the > in support module to pròp 


distr hute load trans ns 


* Positioned on regular grid pa 


* Supports can be raised ٦ 


for direct ground contac 0ه‎ 


building envelope. 
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$EuLtexrson Capabilirv‏ ات ک 


111171182 د 


Simplicity 


Erection “Time 


Effectiveness 


omple Integration 


pedi ana line 


DE Slain DOC On 
* No experience or training re$ 
quired for assembly. 


* 


13۶609017 11۲66 50 6ر ب٦56٦‏ 


* No special equipment required. 


* Minimum erection rate: 2 mant 


hours aor rko Oe. 


تک۶۰٠٠ 60د دہ‎ 1s completes 
contained and integrated among 


all components. 


* Components are keyed or coded 
for proper alignment into assembly. 
* Components are readily recog- 
nized. 

* Connections are complete, ready 
KOTON e WE 77111 Secondary or 


5bpparadterjoruine elements. 


* Components are capable of easy 
field handling and emplacement. 

T ET DIIR OL FGCU LO srx 
individuals required to maneuver 


the largest of components. 


— Ce (ple fee 


8 ٣2 10996 323 GREY 


System Selection 


Design Concept * Modular aluminum skeletal لا‎ 











system serving as the primary structum 
and organizational system with seconda 
cladding panels serving as wall, ran 


and floor elements. 


* Secondary elements reinforce St 
as shear walls adding rigidity and Seg 


as the structure s tines ae | 


Subattributes * Frame and panels organized on av 


orid pattern. 


* Sub-systems and utilities 71117 اظ‎ 
within primary structural ris 


Coordination. 


* Secondary building panels and emm 
contained wiħtin nrimarv skeletal nn 
for shipping, storage and rapid depan 
ment and erection. 
* Joints utilize a compression SPEM 
adjusted with ratchet. Spline 0 


rated within panels (wall panels). 
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Effectiveness t System optimizes shi ogame 
economy by maxiaun uti112a€ tone 
Lnterior volunt 
* System's secondary building 
elements are self-contained with- 
in structural framev-ork anm 


organized for rapid 4255 ٢17 لات‎ 
Durable * System capable o5: resisuUmE 
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Core (00r) 90ns) ٭‎ Honeycomb core composed 


aluminum or polystyrene >٦ 


e 
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(Klezeceli 


۶ doney لچ‎ ore «32 T1 لل‎ 


such 318 sani or tatoer | ee 
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Floor 


Poof 


moo * 


Panels 


Svstem 


Pane 


a 


5 


eta: TON‏ ور ۲۲۷۰-5 کی دہ لات آووں۔ وو کو رر رت 


srie and. removable IIS TIS The floor 
panels 6171 ٢ ۳٣ 7 د 7 7106د‎ t 1 00 S. 
Joints are sealed with neoprene gas&ets. "e 


floor system is a raised floor with an 13 


maximum clear Space ©Or Service هه د‎ ۴۰ ۰1٣٦ 


Fiberglass reratorced wattles orzanize: on $9 
regular 3? merid. 
Fiberglass grating panels also available for 


use. 


Double roof envelope.  E:terior roof system 
capablesot adjustones 0svarrous Slopes. 
Roof system serves to retard solar heat gain 


and 1535د‎ OSANA oo ee ene teat bon. 


EX erior > ede 
Fiberglass reintorced panels (lascoiite) 


Sol an “wi LÈ er 


Dat eriecfr, shell 
Aluminia sandwich (rikbbed constructionB 


wT Veiled au name.com. core “(wii te), 


Teans lucent (1 vere lass with 53۰100157 


lasulatron) 0a" sunwall). 


windows 


Lexan polycarbonate sheets (*" JF 


1 ری ہے namer‏ 
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Effectiveness 
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175 1 + + + ۶ و 208-5( 25ل 

* System actively moda 
interior thermal environmene 

to control temperature. 2111 ١ 
and ventilation لد‎ nop 

* Low temperature perio; see 
designed to neet thermal com 
at -35"F outdoor temper tgs 

* High temperature perforaman-e 
designed to meet thermal ٦ 
at 135"'F ambient air temperacumem 
* System actively promotes 
natural ventilation for them 
comfort and air change. 

^ System provides for 4+ +٦ 
control to be maintained wit!in 
the comfort zone: 


Svsten desianed for user concu‏ ٭ 


Q 
rn 


Searing, cooling and venn 
ing systems. 
* Qverall thermal tronsfer val 


.. ۶ ی٥‎ 
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Eusrmnal Performance Continued 
BEL ارز ظط‎ Design Specification 


Simple * Environmental system controls 
ame simple to use and maintain. 
* System affords simple and 

easy component ™modifaeéatidmts ro 


ark ce eo Oman ferent Gla matic 


Cord id wens. 


Versatility * Primary environmental systems 
designed for passive climate 
control. 

* Backup mechanical systems 
designed to assist passive controls 
and not as primary systems 


twnction. 
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32 
صوت‎ EC CIE BRE 
AE EAB & @ Desien Specification 
$alt-sutfficiemst * Minimal reliance on Cuong 


OR UI IES 


Passive Design Reliance * Optimum use of passive thermal 
control strategies. 
PriWery Climate Control *  Predominate summer cooling 
Strategy straffegy: 
Promote ventilation 
Minimize 3 ۶٦ 
Promote radiant coole 
Potential for earth cooling 
Promotes evaporative cooling 


Secondary Climate Control Secondary winter heating 


PP 
[T 


rategy St*atesme 
Mininize conductivë heat me TES 
Promote solar gain and storage 
Minima je infiltration 
External air flow 


x 


[LL ace on * Optimizes daylighting for ve vem 


light distri DUMP ON. 
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B¥stem Selection 


SEDE 





Passive Desien Strateoy 


Lear rar uaotr 


pauses Open 1117177 17677 Fo promote air flow. 
* Provide vegtical air wlüwt*w to promote 

at flow. 

* Use double roof and wall cemstruchwon for 
heat gain redvction and continued venting of 
the interior 8۵01 0170927" 7 

* Use wingwalls, overhangs and louvers to 
direct summer wind flow into the interior. 

* "Use louvered walls for maximum ventilation. 


euplice Sloped (colsttomcreate foot monitors 


tor stack effect ventilation. 


SSIS keat Gain REE IGA 





* Provide shading for walls and roofs exposed 
to the summer sun. 

* Use heat reflective materials on exterior 
wall and roof surfaces. 

^ 056ا‎ high capacitance materials to control 


heat flow through building envelope. 


د سه م س کے MÀ v e‏ ما هه 


° وو 


! 


خو سه ې 


A 





Pmamomwe Rad 6٤ Cooling Thermal "ass 


Cavity walle ce be filled at SIEGE اا‎ 
sand or soil for thermal flywheel affect. 


* Use conductive building materials. 


5٥306-۶3-0 ۰ 8 


* (optional) Roof pond system for evapo- 


rative cooling potential. 


EarthaShelterine 206 7 


* ای عھتللاا-‎ (٢ ٢/11 earth ٤٦ 

maximize ground temperature heat exchange. 

* Provide option for recessing system below 
gerade and/or earth berming for protection 


and ground temperature heat exchange. 


Selective Promotion GEN olar Galm 


0- Use roof collectors to store ۹913 1 کل‎ 


ث 6ت خ ROC ae‏ 6 ۲1 6ج ٥ں and‏ 


و اہ 7۔0۱ 236 “lechanaic al‏ 


* Heat pump system. 
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95 
Fragmentation Hardened 
د‎ burte Desien Speen fication 


Impact Resistant * Exterior cladding capable of 
wiEhstanding small arns 56 
and airborne fragments’. 

* System capable of an earth 


protective covering (e.g. earth 


berming) for additigmal protection. 


Svstem Selection 


* Exterior wall panels have hollow cores in which 
sand or tampered earth can be placed. Cores are 


based on a Standard grid and are removable to fill 


indiv awa cells. 


* Exterior shell capable of resisting earth loads 


ip tm 6 feet ol bermed height. 
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Hab lV + 777۶7 
Aust F 1 banne Design Spegificatiot 
[Iluminat ias * Provides visual access to out- 
a 
doors. 
Control * ser control over ٢6 ) ۷۷۷۷۷۷٣۷۷٣٣۷۹٣ ات‎ 


thermal and lighting systems 


provided. 


Spatial * Provides for sezgrizat ton للا‎ 
interior spaces for individual 


space ftuact roms 


Acoustical * Interior finish orere S 


provide high acoustical impedance. 


"1۲٢1۳7۷ * Interior finishes contra Gee 
positively to tne ا ےج‎ ٣ت‎ ۶٣ 
6150 19760 ا٣۰ ۳ع‎ ۴۰۱۰۷ 383 0 3 w 
textures and spacial variations. 
* System promotes feeling of 


durability, permanence and security 


Of MCOn SPENCE Lone 
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ByYecutive Summarv 


ET ual and Svstems Selection 


Foundation Desisn 
* For flexibility and ease of handling the modules the 
structural frame must be capable of being supported at 
Donme S rathsspusShnerbquiring continuous support. 
* The modules must be capable of direct ground contact to 
Optimize the earth's heat sink potential for radiant cooling. 
* Supports are self adjusting and leveling either manually 


ST Bac Uma El, Ewrensrons ot"at"least "48 ^ "00 "required 


for site slope differentials. 


Design Concept 


* Expandable modular skeletal structural frame serving as 
eme primary structure and organizing element,  consetructed 
of aluminum box members. Basic members are columns and 
beams. 

* Secondary moduler wall panels serve as snear walis and 
MES wi ALA structural frame. Structural frame also serves 
SeeUetlity destribution network. 

 weemections: all structural connections are rigid and 
uniform providing for vertical and horizontal attachment 


orwlunmmeeamd beams. 
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Design Concept Continued 
* Dimensions, geometry and design subjeét of 992 Protege 
sional Studv. 
* Utilities and mechánical distributionm لل ء‎ n 
integrated on a regular grid module. S:ructural ٤٦٢ 
distribution systems utilize the same module and grid 


system. 


Floor Svstem 


S 


Space for mechanical distribution and ۵۹٢ 87 
provided within floor assembly. Regular network based on 
grid pattern organizes distribution and coordinat iton 

* Floor assembly is a modular pedistal supported removable 
panel system. Modules are 4 nominal 2” thick and conseu mo 
of a fiberglass (GRP) waffle with a core of aluminum honey- 
comb. Panels for air distribübion are constructed تت‎ - a 
Firg lass (GRP) gratilo. 


Floor planning modulem 98a) csc. 


Conde? ٣٤٣ 
* Suspended type ceiling On modular grid: lexus 
acrylic coating over aluminum panels. 
* Provides for modular arrangements of lighting, ventilation 
and “air distribution 


* Suspended ceiling promotes natural ventilation and does 
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Seiling 
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o;stem Continued 


create dead air spaces. 


wall Panels 


tal). Dates sane composite sandw:th construction. 


skin material: Glass reinforced concrete i" thick 


with a film of urethamerfor dolLor (whit&) amd impact 


durafa lit y. 


AX 


a 


materil Cogsional 


x 


cosi Klegecell, a structural cellular P.V.C. 


core consists of aluminum honeycomb). 


Interior facing: glass reinforced polyester (GRP). 


Mòterion Wall Panels 


3t 


Double faced with (GRP) with aluminum honeycomb core 


(3") nominal thickness. 


Special 


+ 


+ 


Panels 


Kallwall (skywall panels) for clearstory daylighting. 


UN halin. trovided by reflective |Fabric macerial. 


PASÉ SY 


-* 


stem 


Roof system is a double roof with movable exterior 


roof panels to promote natural ventilation and heat 


gain reduction. 
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Roof 


100. 


System Continued 


3 Pxterior shell: 


lascolite paneis, 


Klegecell. 


* [Interior sheers 


modular panels 


with 23111 7ل(‎ 


eoo Masc cpu ېي مس‎ E ee en 





fiberglass reinforced polyester 


solar white with tété material t 


aluminum sandwich, ribbed conse. lan 


honeycomb core. 
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BE 


EN: Ol Expected Results 
! 


The 692 Professional Studv program shali attempt to 


gemonstraté chë feasibility of the pre@ram goals and objectives. 


سه اسما اس —— 


The results oí the professionai study will document the following: 


1. The design and development of a portable modular | 


ہے 


compunent building system meeting the program specifi- 


—— Impr هپو‎ — 


cations and requirements. 


2 Evaluation of the system's geometry through a 


iw 9 


series of physical modeling studies relative to the 


specific geographic climete and site locations. 


3. To evaluate whether or not the development goals 


were met, well defined and feasible. 
4. To further the future development and research 


Within tie Department of Defense. 


eee 
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BUILDING PROCHAMI 


^1 


ae 
نا ا‎ 


Iba or aii e 5 


The following scenarios depict specific sites. functional 
men uitrements and various climates in which the building system 
ito respond. They sholli be the subject of the 692 Professional 


EXudy progranm. 


Building Proeram I 


This program will be designed to evaluate the modular com- 
5۰۰ ۴۰۰۶۰۰ ۰ع‎ tor its utility and flexibility in meeting the 
requirements of a fleet hospital facility.The Fleet Hospital 
program initiated by the Navy in May 1979, was intended to 
develope 250. 500, 750 and 1000 bed self-contained, air trans- 
Dowedple,relocatable quickly erectable modular hospital units. 
Mine ultimate goal of this program is tc acquire a 12,000 bed 


hospital system. 


^n 


لست لس حا 


roai 


mone ctus Em temet bel. 


A sit@® in Saudi Arabia has beén s@lé@ct@d for tne SO tem 
United States fleet hospital construction exercise in response 
to increased air and sea military operations by Iran nM 
of merchant marine casualities has created a need for such a 
facility with future expansion capabilities for ٢ ے٢‎ ٢ 77 
military conflict between Iran and Saudi Arabia. The request 
for the facility has been made by the Saudi government which has 
also provided for the site's location. 

The site, while located within the territory of a ص0‎ "٦ 
ally is not secure from terrorists attacks. Iran Nas ٢ ں٦‎ 
itself to eliminating American presence within the area. Saudi 
Arabia, while requescing the facility, cannot publicly promote ۱ 
the" United States pr-sence for fear of internal retrobo tuomo ms 
its own people. The United States is committed 93٦١ہ‎ 
request, acknowledging the risks and special requirements. 

The Secretary of the Navy is committed for a long enn 
presence to help stabilize the area and protect America? ine mn 
However, military forces must be able to evacuate the site 
immediately upcn notification from the Saudi government if the 
political winds dictate. The hospital facilicy will ke retann 


to the island of Bahrayn in such an event. 
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Jite Description 
1 Soils and sub 2327777 536 6 conditions. 


8, Wet sand, 


well-@raded sgands, or gravelly sands. 


Good foundation material where dry only. 


LI. Climate - See attached LCD data for temperatures 


(averages and extremes), precipitation, and sun 


angles. 


III. Energy use and conservation. 


Due £6 thé possibility of térrofist activities and remote- 


mess of the site, 


the facility must be energy efficient and 


madenendent. Electrical utilities @re locally available. No 


EMer utilities are aveilable. 


EXC Erection legistics. 


System shall 


be sea-air transported to land where ground 


Ces vill transport to the site with vehicles. The majority 


of the modules will be air lifted to the site directly. The site 


EU cloBS proximity to an airfield. 


SO —— t ھپوے جہےچھ ہے‎ EOE موم‎ NO A tie an, S at رود سی‎ sa, 
کے جا‎ 


comae ا‎ 


poss 


Dase Facilitv Requirements 


Space requirements indicated are approximate 


Medical requirements‏ کا 
a. “Casuality 6 WE‏ 
b. Operating room prep hold‏ 
77 ۹ م07 579131 | C.‏ 


d. Operating rooms (3) € 300sa.ft.wa. 


e. Recovery room 

Eo. Intensive care unit 

g. Linen storage 

h.  Pharmecy blomd steer age 

Je Patient rooms (30 Eds) 
II. Administration 

a. Records 

b. Office "pace 

c. Multi-purpose 
III. .Sanitasinyweieilitiès 

a. Provice for In 9 9۶ +1 e. 


l lavatory 
l watercloset 
b. (Other facilitié4s ۷ ٣ 
6 lavatories 
6 waterclosets 


aero ass 


net square feet. 


900 


3 


1000 


800 


t2 
KA 


sq. 


Sq. 


Sqm 


sq. 


Sq. 


sq. 


sq. 


sq 


sq. 


sq 


Sq. 


eq. 


sq 
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Base Facility Requirements Continued 


m 


Food preparation facility and supporting facilities to be 
indicated but are not part of this detailed evaluation. 
CUDIDOT ETRS acilia es utilize typical module component 


systems. 
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Cooling Degree Days 
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Pro duct Staus" 2. 


A site near an existing airport has been selected for the 
base camp in support of naval sea and air forces.  Tne surround- 
ing air field perimeter remains under continual harassine fire 
and because of the surrounding dense jungle, terrain and 
political restrictions limits for counterstrikes tc Seguire EENM 
area have been made. The base is to support the occupational 
forces in maintgining» cirtield operations for an uanspeciamyge 
duration until à political settlement can be made No ve ٣س‎ 
are available to the site. 

Because of the political uncertainties and shifting po "ML 
in this region and abrnad, future ekpansion of the facilit لل‎ 
oe considered in the planning and site orientation. The follow- 
in$ is an outlime of the program 6۹ بت‎ ٣۶9606 عم‎ 5 ۲٣٤٦ 
facility installation.  Áll support anc shipping oti modules ص٦‎ 
be done by sea-air delivery. Air delivery vill be provided by 
.^r3 fixed wing and heliccpters under tactical condos 
“iiitcaryvy personnel trained and untrained will be required to 
maneuver the modules on site and erect the base camp. Speed of 
erection will minimize casualties. The only specialized pieces 


of equinment are two earth movers operated by the seabees. 
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108 
bite Descriodtiion 
I. Seats and sub-surface conditions. 
lee SA Rd aad sand=clay mixtures with inorganié clá-s cf 
Mey to mediun@plaiticity. Site drainage is fair to poor 


pkuhwrbhgogogdiug durige OMe- rainy season. 
2. Close proximity to the site are soils with silty 


gravels and gravel-clay mixtures. 


II. Climate - see attached LCD data for temperatures (averages 


and extremes), precipitation and sun angles. 


me. Eney usé and €6nservation. 

The Secertary of the Navy wants the facility to optimize 
its energy efficiency and independence to show its usefulness 
Peverd military applications. Building orientation, complex- 
ing, shading, use of natural lighting and land elements must 
all be considered and incorperated into its final erection. 
Bansideration must be given to the noise of aircraft and small 


arms fire vhen incorperating orientation for natural ventilation. 


lI Site Cir OO EHO. 
1. Egress and servicing areas are orientated toward the 
airfield. No aircraft support services are a part of 


this problem. 
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Base Facility Requirements 


Space requirements indicated are approximate net square feet. 


a. Berthing for 50 permanent personnel 250% 475657 
b. Berthing for 25 temporary air ¢rew personmel GOO dS 
c. m Adminis ier ation 1000 sq Si 
d. ء ء‎ 7٦ 600 sq. fk. 
e. Dining area 1600 (sq. FÈ. 
f. Medical 

TOU 400 iE 

Casualty servicing area 500" sq. ai 

Surgical work pace 300 4 

Operating room 800 we 

Storage, linen area 200 sq ٣ 
a: “Work shop 500 sa EE 
h. Storage 500 ده‎ 
i. All purnpese- (leumdry) 500 æq. ft. 
j. All purmpose (recreatianal ) 500 se fe 
k. Sanitation and wash facr ihi oannes OO sq ۲ 

l. 10 = 12 lavatories 

5ءء ۶ 8ا 10 L.‏ 

e 10 urinals 

4. Shower facility: 20 shower heads 
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Physical modeling of the basic components amd 
building module illustrating integrated svstems, 


concepts and structure. 


* Plans, elevations, sections and axidmie aa 


drawings illustrating the details of the system. 


* Two site modules illustrating the flexibility 


and adaptability of the building system to various 


Sites and climate extremes. 


* Energy analysis of che basic module for several 


climate extremes. 
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Journal of Reinforced Plastics 
amd Composits 
Unavegeesty of Stanford, CA 94305 


National Homes Corperation 
Lafayette, IN 47904 


Ca 721117 Enterprises Inc. 
Pr. Wayne, لل‎ 7 


|| 153 in Buildin Construction 
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wre Struc üres Institute 
See Paul.) e5510] 
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mew York, NY 10017 
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Construction Engineering Research 
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Facilities Engineering Support 
روت و‎ 
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Fort B@lvoir, VA 22000 


Cold Regions Research and 
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Hanover, NH 03755 


Southwest Materials Advisory Board 
National Research Board 
washington, DLC 20508 


National Kesearcn Council! 
۶3۰ 6 20s 


Construction Research Council 
Washington, DE. 00905 
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Pretsbure., ۹,۶۲۶ 


National Bureau of Standards 
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Building Research Advisory Beard 
Washington, D.C. 20498 
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Columbus, “OH 42320) 


General Electric Company 
King of Prussia, PA 19406 
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Manufactured Housing institute * 
Aglime&on, VÀ 22202 


owmcil of Housing Produeers # 
Los Angeles, CA 90069 
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of the United States 
Washington, D.C. 20005 
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Click Systems Incorperated 
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Modular Housing in the Real = ١ 
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Program in Urban and Regional Studies * 
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Grapevine, TX 76051 
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Euvco Incorperated 
Milwaukee, WI 5320! ۱ 
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Houston, TX 77008 a 
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